The market of new energy vehicles (NEVs) has been booming in China for years. It is important for the promotion of NEVs to make scientific production and price decisions. Therefore, we analyze the production strategy of NEVs considering subsidies and backorders based on the newsvendor model to provide the suggestions for the stakeholders, which include the government, the manufactures and the consumers of NEVs. We establish a model to give both the optimal production quantity and the price strategy and then we present some properties and carry out numerical experiments. The results show that the optimal production quantity of NEVs decreases in the backorder rate while the subsidies from the government can offset this influence. Besides, the expected profit of the NEVs manufacturer increases in the backorder rate.
Introduction
Developing new energy vehicles (NEVs) has become an important measure to cope with the challenges in conserving energy, reducing vehicles emissions and upgrading the automotive industry and the key stakeholders here are the government, the NEVs manufacturers and the consumers [1] [2] [3] . The government is responsible for the specific subsidy policy formulation and implementation and the manufacturers have to decide the optimal production quantity and the selling price well in advance with consideration of the subsidies so as to gain the maximum expected profit. For consumers, they can choose whether to buy or not and how much to pay which in turn increase the difficulty of the NEVs manufacturers to make decisions. To provide helpful references for the stakeholders above, we present a model to account for the optimal pricing strategy and production quantity decision based on the newsvendor model. This paper is organized as follows: section 2 reviews the background and relevant literature; section 3 explains the model and some properties; section 4 carries out numerical experiments and presents an observation; section 5 shows the main conclusions and discussions.
Literature review
Although there are numerous advantages that NEVs have over traditional internal combustion engine powered vehicles (ICEVs), the current costs of NEVs make it uncompetitive [4] . One possible solution is to subsidize the industry [5] since subsidies can stimulate the purchase enthusiasm [6] , increase the social acceptability and improve the market penetration of NEVs [7] . In practice, subsidizing NEVs has also been adopted by many governments [8] . The strategic choices of the NEVs manufacturer are influenced by the government subsidies [9] . Following paper [3], we use the single-period newsvendor model to analyze the optimal strategy of the NEVs manufacturer. Among the researches about single-period newsvendor model, the leftovers are usually disposed at a unit salvage at the end of the selling season [10] . For the shortages, some previous studies suggest that the shortages are completely lost to the system [11][12] . In contrary, we believe that a percentage of unsatisfied demands can be saved by backorders but the manufacturer has to bear a backorder cost and the remaining lost part bears unit penalty or goodwill cost [13] [14] [15] .
The model

Problem definition
We consider this problem assuming a NEVs manufacturer faced with price-dependent demand in a single period has to decide the optimal production quantity and the optimal selling price to maximize the total expected profit.
Let x be the demand, q the quantity, p the unit selling price and c (p > c) the unit production cost. Leftovers will be processed at a unit salvage value s (0 < s < c). When the shortages occur, suppose the NEVs manufacturer has the ability to make up a percentage δ (0 ≤ δ ≤1) of shortages by backorders with an backorders cost c B , c B > c [13] . For the remaining (1− δ) shortages, each unmet demand causes a unit penalty cost g, in addition to the unit loss of p − c, then each unit of the lost sales costs g + p − c. 
Solving and properties
The demand x can be written as x(p, ε) = y(p) + ε where y(p) = a − bp (a > 0, b > 0) and ε is a random variable defined on the interval of [A, B] (A > -a) [10] . Let the mean and standard deviation of ε be μ and σ, define the probability density function and the cumulative distribution function of ε as f(ε) and F(ε).
Let z = q − y(p) and define Λ(z) as the expected leftovers, Θ(z) as the expected shortages, then 
